The aim of this study was to investigate whether endodontically retreated teeth filled with Resilon are more resistant to fracture than those filled with guttapercha following hand or rotary removal techniques.
Introduction
Root fracture is one of the causes of endodontic treatment failure and usually results in tooth extraction (Tamse 2006) . Endodontic treatment inherently requires the removal of tooth structure in order that a straight line access is created and to permit thorough cleaning and shaping (Goodacre 2004) treated tooth is directly proportional to the quantity and quality of the remaining tooth structure. The more tooth structure is removed, the likelihood of tooth fracture increases (Sornkul and Stannard 1992) .
Theoretically, if the root canal filling material bonds to the root dentine, in addition to providing a good seal, fracture resistance of the root may be improved (Teixeira et al. 2004a) . Guttapercha has favourable properties, such as dimensional stability, biocompatibility and removability which make it the most commonly used obturation material (Miner et al. 2006 ). However, its main limitation is that it does not bond to the root dentine or to any sealer (Teixeira et al. 2004a) . Therefore, it does not provide any resistance to fracture of the root canal treated teeth (Williams et al. 2006; Hammad et al. 2007) .
A thermoplastic synthetic polymer-based root filling material, Resilon, was introduced in 2004 . It is comprised of a matrix (copolymer of polycaprolactone and urethane dimethacrylate), bioactive glass and radiopaque fillers (bismuth oxychloride and barium sulphate) (Teixeira et al. 2004a) . It is produced in points as is guttapercha, and can be used to obturate the canal using either cold lateral condensation or warm filling techniques. If indicated, it can be removed using heat or solvents as with guttapercha (Hammad et al. 2008) . The literature indicates that Resilon has some promising properties compared with guttapercha in that it bonds to the dentine (Teixeira et al. 2004a) , provides more favourable resistance to leakage (Shipper et al. 2004 ) and improves resistance to fracture (Teixeira et al. 2004b ).
The effect of Resilon in increasing the fracture resistance of root canal treated teeth has been investigated in primary root canal treatment (Hammad et al. 2007; Monteiro et al. 2011 ), but its significance in retreatment cases has not been addressed nor have the effects of different techniques for its removal as a filling material. In cases of retreatment, roots may become even more susceptible to fracture as a result of further removal of dentine. Furthermore, any remaining material may interfere with the bonding of Resilon to the dentine wall (Schwartz 2006) . Therefore, the aim of this study was to investigate the fracture resistance of previously root treated roots refilled with Resilon in comparison with guttapercha following retreatment using either hand Kfiles or ProTaper retreatment files. The null hypothesis is that there would be no significant difference in fracture resistance between roots refilled with Resilon compared with guttapercha using the two different retreatment techniques.
Materials and Methods
The use of extracted human teeth in this study was approved by the Ethics Committee at the University of Manchester. Eighty-five upper anterior teeth were disinfected in 5% sodium hypochlorite (NaOCl) (Procter and Gamble, Weybridge Surrey, UK) for 10 minutes and stored in normal saline. Teeth were carefully examined under illumination and magnification (x40) to exclude any roots with cracks or fractures, resorption, immature apices and caries or roots with curvature more than 5°, as described by Schneider (1971) . The experimental design and the method of samples preparation for the mechanical test used in the present experiment have been used in previous studies (Wilcox et al. 1997; Lertchirakarn et al. 2002; Hammad et al. 2007 ).
Teeth Preparation and Obturation
The crowns were removed and the length of the roots was reduced to 12 mm using a diamond wheel saw with water cooling (Model 650, South Bay Technology inc., California, USA). Teeth were identified (central incisors, lateral incisors and canines) to aid in their allocation into groups for obturation. Bucco-lingual (BL) and Mesio-Distal (MD) dimensions of the roots were measured and roots with comparable dimensions were selected (Table 1) . From the initial sample, 72 roots (28 central incisors, 22 lateral incisors and 22 canines) were suitable for the study. size 10 K-file (VDW GmbH, Munich, Germany) was used to determine the working length, which was set at 1 mm short of the apical foramen. Root canals were prepared using rotary ProTaper files (DentsplyMaillefer, Ballaigues, Switzerland) to a final size of F3 instrument. 1% NaOCl was used as an irrigant. When the preparation was finished, the canals were irrigated with 17% of ethylene-diamine-tetra-acetic acid (EDTA) (PPH Cerkamed, Sandomierska, Poland) and distilled water. The roots were randomly allocated into two groups using stratified sampling (n=36: 14 central incisors, 11 lateral incisors and 11 canines) according to the filling material: Group 1 was filled with ProTaperguttapercha (GP) (DentsplyMaillefer, Ballaigues, Switzerland) and AH-Plus sealer (DentsplyDeTrey GmbH, Konstanz, Germany) and Group 2 was filled with Resilon/ReaSeal sealer (Pentron Corp., Wallingford, US).
The root canals were dried using paper points (Diadent, Chungcheongbuk-do, Korea). In Group 1, a ProTaper GP master cone was selected (fitted the canal to the working length with tug-back) coated with the sealer and inserted into the canal. The cone was compacted using a System B plugger of fine-medium size (SybronEndo, Glendora, USA) with the temperature set at 200°C. Light vertical pressure was applied for 10 seconds and then, the plugger was withdrawn by applying a one-second heat burst. The canal was backfilled using Obtura III (Obtura Spartan, Earth City, Missouri, USA) at 200°C.
Group 2 was filled with Resilon/ReaSeal sealer using the thermal technique as described for Group 1. The primer was applied into the canal after drying and the excess was removed using a paper point. The sealer was carried on a Resilon master cone (30/0.06). As per the manufacturers' instructions, the temperature was adjusted to 150°C for System B and Obtura III. After completion of obturation, the coronal part was light cured for 40 seconds. All roots were stored for one week at 37°C and 100% humidity in air-tight containers. canal. Hand K-files were then used in a circumferential quarter-turn push-pull filing motion until the filling material was removed, such that no material was seen on the file or on the canal walls by naked eye. During removal, one or two drops of eucalyptus oil were applied as required. The final K-file size used was 30.
In subgroup C, ProTaper retreatment D1 file was used to remove the coronal onethird of the filling. The speed of the motor was set at 500 rpm according to the manufacturers' recommendations. Eucalyptus oil was applied as in the subgroup B. D2 and D3 were then used to remove the filling from the middle and the apical thirds respectively.
Figure 1: Groups and Subgroups Allocation according to Filling Materials and Retreatment Techniques
After completion of removal, the canals were irrigated with 3 mL 1% NaOCl, 5 mL 17% EDTA and finally with 10 mL distilled water. The root canals were re-filled using the same materials and technique used in the first treatment of each subgroup. Three roots (1 central incisor, 1 lateral incisor, 1 canine) from each of the subgroups B and C were not refilled and assigned as a control group (n=12). Roots were stored at 37°C and 100% humidity for one week in airtight containers.
Mechanical Testing
All roots were dipped into molten wax and then embedded in acrylic resin (Metrodent Ltd, Huddersfield, UK). After the resin had set, it was immersed in hot water for 10 seconds to melt the wax and get the root out. The root surface and the resulting socket were cleaned from any remnants of wax and dried. Low-viscosity vinyl polysiloxane material (3M ESPE, St. Paul MN, USA) was then poured into the acrylic resin socket, and the root was repositioned into the socket resulting in a thin layer (0.22-0.32 mm) of silicone to simulate the periodontal ligaments (Soares et al. 2005 ) (Figure 2 ). The blocks of resin with the fully embedded roots were mounted into a Universal Testing Machine (Zwick GmbH & Co. KG, Germany). A tip with a round end (2.5 mm in diameter) was used to apply a vertical loading force directly above the root canal orifice. The force (Newtons [N] ) was applied at a speed of 1 mm/minute until the root fractured. Fracture was 
Results
Means and standard deviations of the force required to fracture for all groups are presented in Table 2 and Figure 3 . There was no significant difference between the four non-refilled control subgroups which showed similar results when compared with all test subgroups, and therefore they were pooled into one representative control group. The results showed that the control group had significantly lower resistance to fracture than all filled groups regardless of the filling material or the retreatment technique. There was no significant difference in forces required to fracture between roots filled with Resilon and those filled with guttapercha, irrespective of the retreatment technique (P>0.05). There was also no significant difference in the forces between the two retreatment techniques regardless of the obturation material (P>0.05). Mode of fracture was bucco-lingually in 74% of the samples and oblique in 26% (Figure 4 ). 
Discussion
This study showed that Resilon, as a root filling material, did not increase the fracture resistance of retreated and nonretreated roots in comparison with guttapercha. Properties of Resilon in retreatment, such as sealing ability and bond strength (Lin et al. 2007; Shokouhinejad et al. 2010) , have been investigated. However, fracture resistance of roots refilled with Resilon has not been examined. Furthermore, the effect of either hand or rotary removal techniques on fracture resistance has not been investigated.
It has been claimed that Resilon has a root strengthening effect which has been attributed to its ability to form a monoblock with the dentine wall; whereby Resilon bonds to RealSeal sealer which in turn bonds to dentine (Tay and Pashley 2007) . In the present study, Resilon did not improve the fracture resistance of primarily treated and retreated roots in comparison with guttapercha. This is in agreement with the findings of other reported works related to primary endodontic treatment (Ribeiro et al. 2008; Kazandag et al. 2009; Nagas et al. 2010; Sagsen et al. 2013 ) and contradicts others (Teixeira et al. 2004b; Hammad et al. 2007; Baba et al. 2010) . Some other studies reported that the fracture resistance of Resilon-filled roots were significantly lower than guttapercha-filled roots (Ulusoy et al. 2007; Hanada et al. 2010 ). The contradiction may be due to differences in the samples preparation and study design. The roots in both studies (Ulusoy et al. 2007; Hanada et al. 2010) were embedded in resin without the use of silicone tubing.
In order to prevent debonding of a resin material as a result of stress concentration at the interface with dentine, the material should have a modulus of elasticity similar to that of dentine (Williams et al. 2006) . The modulus of elasticity of dentine is about 16,000 MPa (Kinney et al. 1999) , whereas that of Resilon is about 86.58 MPa (Williams et al. 2006) which is far below the dentine. Therefore, the ability of Resilon to strengthen endodontically treated roots has been questioned (Williams et al. 2006; Grande et al. 2007 ).
The use of silicone tubing around the root to simulate the cushioning effect of the periodontal tissues was used because it has been shown that unusually high forces to fracture might be necessary otherwise (Trope and Ray 1992; Lertchirakarn et al. 2002; Kishen 2006) . The light-body condensation reaction silicone was used in the present study because it has a modulus of elasticity of 0.26 MPa (Jamani et al. 1989) which is approximate to that of the human periodontal ligaments (0.11-0.96 MPa) (Yoshida et al. 2001) . Full coverage of roots with silicone and acrylic resin was adopted to simulate clinical situation. 1% NaOCl was used as the irrigant in this experiment. It has been shown that high concentrations of NaOCl can significantly reduce the microhardness, flexural strength and modulus of elasticity of root canal dentine (Sim et al. 2001; SlutzkyGoldberg et al. 2004) . As all root canals were irrigated with the same concentration of NaOCl, all samples should be equally affected.
As this is an in vitro study, it does not take into consideration the in vivo tissue response.
In addition, the natural variations in the anatomy of human teeth may influence the strength of the roots. However, the number of variables was decreased by standardising factors, such as root length and final size of canal preparation, and by equal allocation of upper anterior teeth in each group using stratified sampling and selecting comparable bucco-lingual and mesio-distal dimensions.
In conclusion, the current findings add to a growing body of literature which question the root strengthening effect of Resilon and indicate that it still could not be a replacement of guttapercha. Further, in vivo investigation is warranted.
